INTRODUCTION
ANY non-superficial analysis of a complex character such as crop yield should involve consideration of its components although such treatment is apt to become somewhat bewildering as the number of component characters increases. The main source of apparent confusion is that the components form part of a dynamic and complex interacting system, any part of which may be influenced by genotype, environment or their interaction. To add to any difficulties the obvious variables within the system are not merely the measured components of the complex trait but all possible correlations between components; here we wish to use the terms correlation and stress interchangeably. These two types of variables are not numerically directly comparable. One approach toward decreasing the pattern of complexity is to set one category of variables, namely the correlations, all to zero, i.e. remove the limitation of stress forces. A technique is available for doing this (Thomas, Grafius and Hahn, 1970) . The nth character in the sequence may thus be expressed with and without stress and the difference between these quantities can be considered as the measure of stress on that character.
In this paper we wish to examine the source of stress and its influence on sequential multiplicative characters. In initiating such an undertaking we attempt to uncover the relative roles of genotype, environment and their interaction in forming these internal correlations or stress forces. Suitable data were obtained from an experiment with rice in Korea and an experiment with winter barley in Michigan, U.S.A. Both sets of data involve yield and its components.
MATERIALS AND METHODS
The rice data were supplied by the Crop Research Station, Office of Rural Development, Korea, and constitute replicated estimates of three components of yield for each of 12 Korean lines in each of six environments. The components are X, the number of heads per plant (which is equivalent in this case to heads per unit area since the crop is transplanted-5 seedlings per 72 square inches); 2", the number of seeds per head and Zthe average seed weight (in mg. x 100). Thus, X, 2" and Z are multiplicative and their product is exactly yield per plant, or per unit area. The barley data consisted of a set of lines grown in different locations in Michigan, U.S.A. Since in two of these environments replication was not effected, a variable number (between 4 and 18) selected sublines were regarded as replications of each cross, within each environment. Only two components, number of seeds/unit area (XT) and average seed weight (Z) were available; again their product exactly equals yield per unit area. The technique used for removing the influence of correlations has already been described (Thomas, Graflus and Hahn, 1970) . These transformations were applied separately to the replicated data for each line within each environment for both sets of data.
The method of transformation removes the correlated effects of the first trait from the second trait and the effects of the first and the second traits from the third trait, etc. Hence X for rice and XI for barley are unchanged, but subsequent traits are transformed. Conventional analysis of variance of the transformed and the untransformed data-referred to as expected and observed respectively and of the difference between them are presented in tables 1 and 3. The estimates of variance components for variety (a collective term used to denote crosses, lines or actual varieties), J environment and variety x environment are shown in tables 2 and 4. These were derived from a conventional mean square estimation from tables 1 and 3. The model used to estimate these components assumes fixed environmental and variety effects. Thus: in tables 1 and 3: Variety M.S. = a2 error +seo; Environment M.S. = a error +.vcr; Genotype x Environment M.S. = a2 error +scr and the error of course = cr error.
The coefficients refer to: s, the number of samples of each variety in each environment, v the number of varieties and e the number of environments.
Thus the appropriate tests in tables 1 and 3 are against the error term.
The components a, a and a were totalled and each expressed as a percentage of this quantity to obtain an idea of their relative magnitudes (tables 2 and 4). Further analyses of the data are discussed in the next section.
RESULTS (i) Barley
The variance analysis of the observed components XI and Z and yield (W) in table I indicates a relatively small though highly significant contribution of genotype x environment interaction to the expression of all these variables. In all three instances a highly significant genotype contribution is observable. However, the most important factor influencing Evidently the removal of XI influence from Z vastly inflates the relative contribution of genotype x environmental components, primarily at the expense of the environmental influence; the genotypic source also appears slightly inflated. Thus the situation appears completely different from that of the observed Z-The observed Z mirrors the variation source of XI and where analysed in its "own right" the main influence on its real expression over and above the effect of XI is found in the genotype x environment interaction (table 2, expected). The situation for expected yield does not change as drastically as probably due to the inclusion of observed XI in its estimation. However, the magnitude of the previously observed large environmental influence does seem to have been slightly decreased and the genotype x environment influence as well as the genotypic influence correspondingly increased.
Consider now the analysis of expected minus observed Z and W. This difference is interpreted as the measure of internal, between component, stress. The main comments to be made from tables 1 and 2 is that genotype x environment interaction is a major source of influence over stress operating on Z with a slight though significant environmental influence and a somewhat larger genotypically controlled effect. Much the same may be said for W, although here the contribution of environment and genotype are approximately equal and are about one-third as influential as their interaction.
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No further analysis of stress or indeed the expected and observed values of the characters is undertaken here for barley. We may sum up and conclude that the main source of stress derives from the interaction of genotype and environment, but environment and genotype do have a significant influence in their own right. Whether these interactions are directed or random we will not consider for this set of data-although this is a question we will attempt to answer for the following rice data.
(ii) Rice Similar analyses to those described for barley are shown in tables 3 and 4 for rice yield and its three components. Analysis of the observed data indicate that, for all three components X, 7' and Z' and yield (W) genotype x environment interaction is fairly low-accounting for between 5 per cent. of total variation of W to 30 per cent. of the variation of 1.
Both varietal and environmental influence are highly significant for all four characters, the latter, with the exception of , accounting for the higher proportion of observed variation.
Removing the influence of correlation changes the analytical situation for the transformed components 7' and Zand for expected W. In general, both genetic effects and environmental influence are considei ably reduced though still significant. The contribution of genotype x environment interaction, on the other hand, is increased to very high levels accounting for between 60 per cent, and 80 per cent. of the variation. The observed genetic variation in 7', Z and W mainly reflects the influence of internal correlation between components, in this case primarily the influence of X. Similarly, the large environmental contribution to observed 7, Zand W largely reflects the effect of such environment on X. The relative contribution of genotype x environment interaction to the components 7', and to W is enhanced by the removal of the effects of correlations.
As for the barley data, the source of stress for the rice components 7', Z and for W is primarily vested in the interaction of genotypes with environments. In the analyses of expected minus observed variables a minor though significant genotype influence and environmental contribution is discernible.
In this experiment, since there is evidence for a genetic contribution to stress formation, we chose to proceed with a further breakdown of the genotype x environmental contribution to elucidate its nature-whether it is directed or random. Only one character, yield, is analysed by way of illustration and the basic values for expected minus observed yield are included in table 5. The procedure used is the regression analysis developed by Yates and Cochran (1938) , Finlay and Wilkinson (1963) and Perkins and Jinks (1968) -the model of the latter authors being adopted. The technique involves regressing the deviations due only to genotype x environment interaction of the nth line against those due to the average environmental deviation (from the experimental mean) of all lines. The deviations are separated into linear (regression) and non-linear (residual), and the former tested against the latter, and the latter tested against the pooled estimate of within line, within environment error. These tests are shown in table 6. The residual, non-linear and thus unpredictable variation is significant for all 12 varieties. However, the regression M.S. is larger than the residual M.S. for roughly half the varieties-and is significantly so for varieties 1, 3, 8 and 9. For these latter varieties, at least, there can be said to exist a linear, predictable change in genotypically determined stress values varying systematically with observed changes in the average degree of environmentally induced stress. 
Discussioi'
It is evident from the previous section that the removal of stress, from sequential and complex characters in the two experiments, allows the expression of the true influence of source variation on these transformed variables to be examined. In both cases the uncomplicated main effects of genotype and environment, particularly the former, are usually considerably reduced and the more complex forces of genotype x environmental variation play a correspondingly greater role. Thus stress can be regarded in the present instance as a force tending to " disguise" the true nature of the Source of control over the expression of the second and subsequent characters in a developmental sequence. It is not however envisaged that the control over the first character in the sequence will invariably have Such a profound influence in reflecting its source control into the apparent control over subsequent characters. Indeed, the degree of reflective power of any character and its susceptibility to reflection will depend on many variables, e.g. its heritability, the strength of the correlations, its relative developmental importance, etc. Stress itself would seem in these experiments to be primarily influenced by a complex interaction of genotype and environment-but this is coupled with genotypic control over differences in stress. However, there are also environmental differences in stress level which would apparently control to some degree the mean stress input on all genotypes within a specified environment. This latter finding allows us to be rather optimistic about the utilisation of stress in predicting genotypic values. The main variation between genotypes should be attributable to the input of, in this case, the differences in the first character in the sequence plus a general stress pattern, primarily, though not exclusively determined by environment. Thus knowing the stress situation for a given environment and the potential varietal values for the main determinant character in the sequence the values for subsequent characters and the complex character should be predictable.
The analysis for stability of stresses operating on rice yield was somewhat encouraging. For at least some of the lines examined genotype x environment interaction for stress appears to be a linear function of the environmental tress and thus the change in stress pattern within these particular genotypes is predictable from environment to environment. For other lines the larger significance of the residual M.S. implies that in these cases no easy predictive basis is available across environments.
The level of stress characterising particular genotypes and environments appears to be positively correlated with the level of yield obtained for the rice experiment; the relationship being stronger for environments. This is not entirely unexpected and clearly illustrates the points made in a recent paper by Grafius (1969) . 2. The analyses are carried out at three levels for each character, firstly on the observed values for the trait, secondly on the trait with the intercharacter correlations removed, and lastly on the difference between the untransformed (correlated) and transformed (uncorrelated) values.
3. Considerable differences in the form of control over the uncorrelated as opposed to the correlated traits are revealed for both crops for both component traits and complex traits. 4. Generally the relative contribution of the main effects of genotype and environment are substantially reduced and the interaction of genotype x environment plays a correspondingly greater role over the expression of the transformed as opposed to the untransformed traits.
5. Although there are direct main effect contributions of the genotypic and environmental forces to stress or correlation formation the primary influence would appear to be due to a complex interaction of the genotype x environment source.
6. The level of stress is shown to be positively associated with the yield levels in rice.
